
Europaisches Patentamt 
European Patent Office 
Office europeen dee brevets 




(u) Publication number: 0 295 109 B1 



EUROPEAN PATENT SPECIFICATION 



@ Date of publication of patent specification 
04.03.92 Bulletin 92/10 



© int ci. 6 : C07C 69/675, C07C 67/317 



@ Application number : 88305293.8 
@ Date of ffling : 09.06.88 



0> 



m 
o 

CM 



Q. 
UJ 



® Process for preparing optically active alcohol. 



(So) Priority: 11.06.87 JP 145975/87 

@ Date of publication of application 
14.12.88 Bulletin 88/50 



@ Publication of the grant of the patent : 
04.03.92 Bulletin 92/10 

© Designated Contracting States : 
CH DE FR GB U NL 



@ References cited : 
US-A- 4 273 933 

CHEMICAL ABSTRACTS, vol. 83, no. 13, Sep- 
tember 29, 1975, Columbus, Ohio, USA; J. 
SOLODAR, "Asymmetric hydrogenation of 
ketones", page 488, column 2, abstract no. 
113607k 

CHEMICAL ABSTRACTS, vol. 94, no. 15, April 
13, 1981, Columbus, Ohio, USA; A. TAI, 
"Asymmetrically modified nickel catalyst and 
its use for the preparation of optically active 
3-hydroxy acids", page 631, column 1, abtract 
no. 120759s 



Proprietor : Takasago International 
Corporation 

19-22, Takanawa 3-chome Minato-ku 
Tokyo (JP) 



2) Inventor : Sayo, Noboru 

1151-127, Kamigo-cho Sakae-ku 
Yokohama-shi Kanagawa (JP) 
Inventor : Akutagawa, Susumu 
1080-22, Shlnohara-cho Kohoku-ku 
Yokohama-shi Kanagawa (JP) 
Inventor : Saito, Takao 
298-46, Setogaya-cho Hodogaya-ku 
Yokohama-shi Kanagawa (JP) 
Inventor : Noyori, Ryoji 
135-417, Aza Shjnden Ooaza Umemori 
Nlsshin-cho 
Alchl-gun AJchi (JP) 
Inventor : Kumobayashl, Hldenorl 

I- 4-39, Nakakalgan 
Chigasakl-shi Kanagawa (JP) 
Inventor : Takaya, Hldemasa 

II- 72, Aza Sakashita Myoudaiji-cho 
Okazaki-shi Aichi (JP) 

© Representative : Diamond, Bryan Cllve et al 
Gee & Co., Chancery House, Chancery Lane 
London WC2A 1QU (GB) 



Note : Within nine months from the publication of the mention of the grant of the European patent any 
person may give notice to the European Patent Office of opposition to the European patent granted 
Notace of opposition shall be filed in a written reasoned statement It shall not be deemed to have been 
filed untfl the opposition fee has been paid (Art. 99(1) European patent convention). 



Jouve, 18, rue Saint-Denis, 75001 PARIS 



EP 0 295 109 B1 



Description 

This invention relates to a process for preparing an optically active alcohol useful as intermediate for synth- 
esizing pharmaceuticals, liquid crystal material, and the like by asymmetric hydrogenation of a 0-keto acid deri- 
vative in the presence of a ruthenium-optically active phosphine complex as a catalyst 

Known techniques for asymmetrical ty synthesizing optically active aJcohols include a process comprising 
asymmetric hydrogenation using baker's yeast and a process comprising asymmetric hydrogenation using a 
specific catalyst 

In particular, with respect to asymmetric hydrogenation of f^keto acid derivatives to obtain optically active 
alcohols, it has been reported that the asymmetric hydrogenation can be carried out by using a rhodium-opti- 
cally active phosphine complex as a catalyst For example, J. Solodar reports in Chemtech. . 421-423 (1975) 
that asymmetric hydrogenation of methyl acetoacetate gives methyl 3-hydroxybutyrate in an optical yield of 
71%ee. 

Further, asymmetric hydrogenation using a tartaric acid-modified nickel catalyst has been proposed. 
According to this technique, asymmetric hydrogenation of methyl acetoacetate gives methyl 3-hydroxybutyrate 
in an optical yield of 85%ee as disclosed in Tai, Yukagaku . 822-831 (1980). 

Although the process using baker's yeast produces an alcohol having relatively high optical purity, the 
resulting optically active alcohol is limited in absolute configuration, and synthesis of an enantiomer is difficult. 

The process utilizing asymmetric hydrogenation of p-keto acid derivative in the presence of a rhodium-opti- 
cally active phosphine complex does not produce an alcohol having sufficient optical purity. Besides, metallic 
rhodium to be used in the catalyst is expensive due to limitations in place and quantity of production. When 
used as a catalyst component, it forms a large proportion in cost of the catalyst, ultimately resulting in increase 
in cost of the final commercial products. 

The process using a tartaric acid-modified nickel catalyst involves the disadvantages of difficulty in prep- 
aring the catalyst and insufficient optical yield. 

As a result of extensive investigations with the purpose of meeting the above-described problems, the 
inventors have found that an optically active alcohol having high optical purity can be obtained by asymmetric 
hydrogenation of a p-keto acid derivative in the presence of a relatively cheap ruthenium-optically active phos- 
phine complex as a catalyst. The present invention has been completed based on this finding. 

The present invention relates to a process for preparing an optically active alcohol represented by formula 



OH 
I 

CH COR2 ( i } 

/ \ / 
Rl CH 

I 

R3 

wherein R 1 represents a substituted or unsubstituted lower alkyi group, a trifluoromethyl group or an aryl group; 
R 2 represents OR 4 , wherein R 4 represents an alkyl group having from 1 to 8 carbon atoms, SR 5 , wherein R« 
represents a lower alkyl group or a phenyl group, or NR 8 R 7 , wherein R« and R 7 , which may be the same or 
different each represents a hydrogen atom, a lower alkyl group or a benzyl group; and R* represents a hydrogen 
atom, a halogen atom, a lower alkyl group, a lower alkoxycarbonyl group or a lower alkoxycarbonyl-lower alkyl 
group; or R 1 and R 3 are connected to each other to form a methylene chain, forming a 4- to 6-membered ring 
together with the carbon atoms therebetween, 

which comprises asymmetrically hydrogenating a 0-keto acid derivative represented by formula (II): 



O 
II 

C COR2 (ii) 

/ \ / 
Rl CH 
I 

R3 
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wherein R\ R*, and R 3 are as defined above, 

in the presence of a ruthenium-optically active phosphine complex as a catalyst 
The 'lower" alkyl or alkoxy groups have 1 to 7. preferably 1 to 4 carbon atoms 

a h JTrlr 1 ™ 6 ( ° (M) ' SUbstiluent8 for ,ower Qroup as represented by R« include a halogen atom 
t2ZhT;T P ' 8 ,0W6r "V*"***" aminogroup. a benzyloxy group, and an?ryl grSp' 
The B-keto acd derivative represented by formula (II) which can be used in the present invention aia star? 

2£?£T<TZ "? ""f" ^ aC8t0aC8tatB ' -acetate, isop^opy, acetoatSte n^ 
acetoacetate. t- butyl acetoacetate. n-pentyl acetoacetate. n-hexyl acetoacetate. n-hepM acetoacetate nZ<Z 
acetoacetate. methyl 4-chloroacetoacetate. ethyl 4-chloroacetoaoetate. methyl 4-^oroaceScoSf LtS 
noate nta r^ 3-«xoheptanoa«e. ethyl sLJSZSSX^S^ 

^ xou " de «^. ethyl 3^0-3-pheny.propanoaT eTyl 
3^xo-3-p-methoxyphenylpropanoate. ethyl 4-phenyl-3-oxobutanoate. methyl 5-phenyl-3-oxopentanoate eZ 

iSJ U ^T!!:^ 3 tl 0P ? Pan0ate ' ethyl ^^^xy-^xobutenoate, me%. 4^en^^Sanoate 
™L ^iST 3 ? X0 ^ tan ° ate - methyl ^^^obutanoate. ethyl 4^em^inI^xobSnoa te' 
methyl 4Hdbnethylaminc-3^xobutanoate. ethyl 4-dimethylamino-3^xobutanoate. ethyl 2-methylacelorcetete 
tei J^STho^K^ a*"*""*^ 2-acety.gluta.ate. 2*-carb2^ 

bT^^f^ ^° heXan0ne,dimethy ' acet y ,ma| o"8te. 3*>xobutanoicdimethylamide. 3^oxoDutanote 
benzyrtamide, thiomethyl acetoacetate. thioethyl acetoacetate and thiophenyl acetoacetate •~ }X0Dutan0,c 

the foLTng'^ ^ * * — 88 a -presented by 

RUxHyCWRO-BINAP^S). (Ill) 
wherein R<»-BINAP represents a tertiary phosphine represented by formula (IV): 




(IV) 



wherein R* represents a hydrogen atom, a methyl group or a t-butyl group- S reoresenta a tnrtiarv k 

resente 8 ??r 0, *" VTT^ * 5 4 and *- " a "<^ jS^lTEw 

resents 1 , z represents 1 ; and £ represents 0. . ■ . men x rep- 

[RuHHRa-BINAP^JY, (V) 
wherein PABINAP is as defined above; Y represents ao 4 . BF 4 or PF, ; when t represents 0. then v represents 
1. and w represents 2; and when £ represents 1 . then v represents 2 and w represents 1 ~ repfe8entS 

itolSZZ'sZ"' ^ ' B,NAP ' rePreSent8 " a 2 - 2 - b '^P"^P^P"<noH.1'-b.naphmy, moiety 

The compound of formula (III) can be obtained by the process disclosed in T Ikarivaetal j Ch«m <?~- 
Chem.Commun. . 922-924 (1985) and Japanese Patent Application <ppjE SSS^ ^-gSSd 
SSI^T" >" examined P ublbhed -taP-.""" Patent application-). More specifically, he Sjteof SZS 
MO wherem y . 0 can be prepared by reacting 1 mol of [RuClrfCOD)],, (wherein COD represent c^oTci 

Jtt ' ^7T*T 6 8a,T,e) • WHiCh iS ° bta,nable by reactin 9 n**™™ ^oride andSS in aTeSSnol 
solution, and 1.2 mols of a 2.2'-bis(di-p-R»-phenyl-phosphino)-1 . V-binaphthyl (RO-BINAP) in a solan To 
oiuene or ethanol. in the presence of 4 mols of a tertiary amine, e.g., WethyVam.ne. XJJoiKEtSE 
if a a^nl"" * """^ ' « W****** ™ «* of R^-BINAp' and 4 5 ™.s 

NAPW^S* ^/T"' 8 00 Wherei " ^ ISO -^ 1and S" can be prepared by reacting Ru 2 CI 4 (R«-BI- 
( Tk E represents an •"*» 9 rou P. hereinafter the same), which is obtained by the above-des- 
cnbed process, with a salt represented by formula (VI): 

MY (VI) 
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wherein M represents Na, K, Li, Mg or Ag; and Y is as defined above, 

in a solvent system comprising water and methylene chloride in the presence of a quaternary ammonium salt 
or quaternary phosphonium salt represented by formula (VII): 

RW«R"R«AB (VII) 

wherein R» R", Rti, and each represents an alkyl group having from 1 to 16 carbon atoms, a phenyl group 
or a benzyl group; A represents a nitrogen atom or a phosphorus atom; and B represents a halogen atom as 
a phase transfer catalyst The reaction can be carried out by adding the reactants and the phase transfer catal- 
yst of formula (VII) to a mixed solvent of water and methylene chloride and stirring the system. The amounts 
of the salt of formula (VI) and the phase transfer catalyst of formula (VII) to be added range from 2 to 10 mols 
and preferably 5 mols, and from 1/100 to 1/10 mol. respectively, per mol of ruthenium. The reaction sufficiently 
proceeds by stirring at a temperature of from 5 to 30°C for a period of from 6 to 18 hours, and usually 1 2 hours. 
Examples of the phase transfer catalyst of formula (VII) are described in literature . i.e.. W.P. Weber and G W 
Gokel, Sokan Ido Shokubai (Japanese translation), 1st Ed., Kagaku Dojinsha (1978). After completion of the 
reaction, the reaction mixture is allowed to stand still, followed by liquid separation. After the aqueous layer is 
removed, the methylene chloride solution is washed with water, and methylene chloride is removed by distil- 
lation under reduced pressure to obtain the desired compound. 

The complex of formula (V) where £ is 1. v is 2 and w is 1 can be prepared by reacting RuHCKRa-BIIMAPfe 
obtainable by the process disclosed in Japanese Patent Application (OPI) No. 63690/86 with the salt of formula 
(VI) in a mixed solvent of water and an organic solvent, e.g., methylene chloride, in the presence of the phase 
transfer catalyst of formula (VII). The amounts of the salt of formula (VI) and the phase transfer catalyst of for- 
mula (VII) range from 2 to 10 mols, and preferably 5 mols, and form 1/100 to 1/10 mol, respectively, per mol 
of ruthenium. This reaction sufficiently proceeds by stirring at a temperature of from 5 to 30°C for a period of 
from 6 to 18 hours, and usually 12 hours. 

Specific examples of the above-described ruthenium-phosphine complex according to the present inven- 
tion are shown below. 



Ru 2 a 4 (BINAP) 2 (NEt3) 
Ru2d 4 (T-BINAP) 2 (NEt3) 
[T-BINAP represents 2,2'-bis(dl-p-tolylphosphino)-1 t 1'-binaphthyl] 

RU2CU(T-Bu-BINAP)2(N Eta) 
[t-Bu-BINAP represents 2.2'-bis(di-p-t-butylphenylphosphino)-1 . 1 '-binaphthyl] 

RuHCI[BINAP] 2 
RuHCirr-BINAPk 
RuHCIft-Bu-BINAPfe 
[Ru(BINAP)] (ClO^ 
[Ru(T-BINAP)] (CI0 4 ) 2 
[Ru(t-Bu-BINAP)] (CI0 4 )2 
[Ru(BINAP)] (BF 4 ) 2 
[Ru(T-BINAP)] (BF 4 )2 
[Ru(t-Bu-BINAP)] (BF 4 ) 2 
[Ru(BINAP)] (PF e )2 
[Ru(T-BINAP)l (PFek 
[RuH(BINAP) 2 CI0 4 
[RuH(T-BINAP) 2 ]a0 4 
[RuH(BINAP) 2 ]BF 4 
[RuH(T-BINAP) 2 ]BF 4 
[RuHfBINAPJJPFe 
[RuHfT-BINAPJJPFg 

In carrying out the present invention, a p-keto acid derivative of formula (II) is dissolved in an amphiprotic 
solvent, e.g., methanol, ethanol or methyl cellosolve, or a mixed solvent of such an amphiprotic solvent with 
another solvent such as tetrahydrofuran, toluene, benzene or methylene chloride. The solution is charged in 
an autoclave, and from 1/100 to 1/50,000 mol of a ruthenium-optically active phosphine complex is added 
thereto per mol of the p-keto add derivative. The hydrogenation reaction is effected under stirring at a tem- 
perature of from 5 to 50°C, and preferably from 25 to 35°C, at a hydrogen pressure of from 5 to 1 00 kg/cm* for 
a period of from 1 to 48 hours. After completion of the reaction, the solvent is removed by distillation, and the 
residue is distilled under reduced pressure or subjected to silica gel column chromatography to thereby isolate 
the desired optically active alcohol of formula (I) in a substantially quantitative yield. 

The present invention will now be illustrated in greater detail with reference to Reference Examples and 



4 



10 



20 



55 
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Examples, but the invention is not limited thereto. In these examples, analytical instruments and conditions used 
for various analyses are as follows. 

1) Gas Chromatography (GC): 

SHIMADZU GC-9A manufactured by Shimadzu Corporation 
Co,umn: PEG-20M Silica Capillary, 0.25 mm in diameter and 25 m in length, manufac- 

tured by Gasukuro Kogyo Inc. 
Measurement Temperature: 100-250°C and increasing at a rate of 3°C/min. 

2) High Performance Liquid Chromatography (HPLC): 



Hitachi Liquid Chromatography-655A-1 1 manufactured by Hitachi, Ltd. 

Column: Chemcopack Nucleosil 100-3, 4.6 mm in diameter and 300 mm in length, manufac- 

15 tured by Chemco Co. 

Developing Solvent Hexane:diethyl ether=7:3; flow rate: 1 mlVmin 

Detector UV Detector 655A (UV-254), manufactured by Hitachi, Ltd. 



3) Optical Rotation: 

Polarimeter DIP-4, manufactured by Nippon Bunko Kogyo K.K. 

4) 31 P NMR Spectrum: 

25 JNM-GX400 (161 MHz) manufactured by JEOL Ltd. 

Chemical shift was determined by using 85% phosphoric acid as an external standard. 

REFERENCE EXAMPLE 1 

30 Synthesis of Ru 2 a4{(+)-BINAP] 2 (NEt 3 ) (di[2.2'-bis(di phenyl phosphinoKU'- binaphthy»)tetrachloro-diruthe- 
nium triethylamme): 

To 100 ml of toluene were added 1 g (3.56 mmol) of [RuCI 2 (COD)] n , 2.66 g (4.27 mmol) of <+)-BINAP, and 
1.5 g of triethylamine in a nitrogen atmosphere, and the mixture was heat-refluxed for 10 hours. The solvent 
35 was removed from the reaction mixture by distillation under reduced pressure, and the residual solid was dis- 
solved in methylene chloride, followed by filtration through Celite filter aid. The filtrate was concentrated to dry- 
ness to obtain 3.7 g of the entitled compound as a deep brown solid. 

Elemental Analysis for C94H79a 4 NP4Ru 2 : 
Calcd. (%): R u 1 1.96; C 66.85; H 4.71; P 7.33 

40 Found (%): Ru 11.68; C 67.62; H 4.97; P 6.94 

31 P NMR (CDCI 3 ) 8 ppm: 51 .06 (s), 51.98 (s), 53.87 (s), and 54.83 (s) 

REFERENCE EXAMPLE 2 

45 Synthesis of [Ru((-)-T-BINAP)] (ao^ ([2,2'-bis(di-p-tolylphosphino)-1 ,1 '-binaphmyljruthenium perchlorate): 

In a 250 mi-volume Schlenk's tube was charged 0.54 g (0.3 mmol) of Ru 2 CI 4 [(-)-T-BINAP] 2 (NEt 3 ). After 
thorough displacement of the atmosphere with nitrogen gas, 60 ml of methylene chloride was added thereto, 
and then a solution of 0.73 g (6.0 mmols) of sodium perchlorate in 60 ml of water and a solution of 16 mg (0.06 
50 mmol) of triethylbenzyiamrnonium bromide in 3 ml of water were added to the mixture. The mixture was stirred 
at room temperature for 12 hours. After completion of the reaction, the reaction mixture was allowed to stand, 
and the aqueous layer was removed. The methylene chloride was removed from the organic layer by distillation 
under reduced pressure, and the residue was dried under reduced pressure to obtain 0.59 g (yield: 99.6%) of 
the entitled compound as a deep brown solid. 



Elemental Analysis for C^H^CIzOePjRu: 
Calcd. (%): Ru 10.32; C 58.90; H 4.12; P 6.33 

Found (%): Ru 10.08; C 58.61; H 4.53; P 5.97 



5 
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31 P NMR (CDCI3) 6 ppm: 12.920 (d, J=41.1 Hz) and 61.402 (d, J=41.1 Hz) 
EXAMPLE 1 

5 Synthesis of Methyl (3R)-(-)-3-Hydroxybutyrate 

In a 200 ml-volume stainless steel-made autoclave whose atmosphere had been replaced with nitrogen 
were charged 10 ml (93 mmols) of methyl acetoacetate. 50 ml of methanol, and 0.5 ml of water, and 42 mg 
(0.025 mmol) of Ru 2 CI 4 ((+)-BINAP) 2 (NEt3) as prepared in Reference Example 1 was added thereto to effect 
10 hydrogenation at a temperature of 30°C under a hydrogen pressure of 40 kg/cm* for 20 hours. The solvent was 
removed by distillation, and the residue was distilled under reduced pressure to obtain 10.8 g (98%) of the enti- 
tled compound having a boiling point of 72°C/17 mmHg. 

The product was found to have a purity of 99.0% by GC and an opticaJ rotation [a]» of -24.17° (neat). 
Thirty milligrams of the resulting alcohol was esterifled with (+)^t-methoxy-a-trifluoromethyl phenyl acetyl 
chloride, and the ester was analyzed by GC and HPLC. The results reveaied that the product was a mixture 
comprising 99.55% of methyl (3RM-)-3-hydroxybutyrate and 0.45% of methyl (3S)-(+)-3-hydroxybutyrate 
Accordingly, the optical yield of the methyl (3RH-)-3-hydroxybutyrate was found to be 99.1%. 
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EXAMPLES 2 to 17 



The same procedure of Example 1 was repeated, except for altering the reaction substrate, catalyst and 
reaction conditions as shown Table 1 below. The analytical results obtained are shown in Table 2. 

In Examples 7.8,14. and 1 5. the optically active alcohol produced contains two asymmetric centers forming 
diastereomers. A ratio of the syn form to the anti form in each case was determined by HPLC. and the optical 
yield of each form was determined. The results obtained are separately shown in Table 3. 
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Note: iPr represents an isopropyl group; tBu represents 
a t^-butyl group; and Ph represents a phenyl 



group. 



Example 
No, 



TABLE 2 



Product 



oh o 



oc 2 h 5 



Yield 
(%) 

99 



Optical 

Yield 
(%ee) 



99.1 



OH O 



OiPr 



98 



98.0 



OH O 



OtBu 



98 



96.4 



OH O 



99 



99.3 



OH O 



99 



99.2 



OH O 




OC 2 H 5 



CI 



95 see Table 3 



8 



OH O 



OC2H5 



97 see Table 3 



oh o 

9 F3C x ^ S> ^ >s OC2H5 



95 



46 



10 PhCH20 



OH O 



OCH3 



97 



95 
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TABLE 2 (cont'd) 
Exam P le Optical 



■ No ! . Product Yield 



OH O 

11 As*}. 



14 



C02C2H5 



OH 

15 CO2CH3 



CO2CH3 




16 



oa o 

17 *<^^K 



OCH3 



Yield 



(%) (lee) 



NHCH 2 Ph 94 88 



OH O 

12 (CH3,2N ^- Jl -oc 2 H5 91 93 

OB O 

13 ^^SC 2 H5 87 65 

OH 



90 see Table 3 



85 see Table 3 



90 67 



95 45 



TABLE 3 

Example Syn:Anti Optical Yield L%eeJ 

— No^ Ratio Svn Anti 

7 60:40 92 88 

8 50:50 90 87 

14 55:45 91 89 

15 60:40 92 86 

As described above, the present invention provides an industrially valuable process for preparing a useful 
optically active alcohol at high efficiency. 
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Claims 

1 . A process for preparing an optically active alcohol represented by formula (I): 

5 OH 

I 

CH COR2 (I) 

/ \ / 
Rl CH 
10 I 

R3 

wherein R 1 represents a substituted or unsubstituted alkyl group having 1 to 7 carbon atoms, a trifiuoromethyl 
group or an aryl group; R 2 represents OR 4 , wherein R* represents an alkyl group having from 1 to 8 carbon 

15 atoms, SR 5 . wherein R 5 represents an alkyl group having 1 to 7 carbon atoms or a phenyl group, or NR«R 7 , 
wherein R 6 and R 7 , which may be the same or different each represents a hydrogen atom, an alkyl group having 
1 to 7 carbon atoms or a benzyl group; and R 3 represents a hydrogen atom, a halogen atom, an alkyl group 
having 1 to 7 carbon atoms, a C1-8 alkoxycarbonyl group or a C1-8 aikoxycarbonyl-C1-7 alkyl group; or R 1 
and R 3 are connected to each other to form a methylene chain, forming a 4- to 6-membered ring together with 

20 the carbon atoms therebetween, 

which comprises asymmetrically hydrogenating a p-keto acid derivative represented by formula (II): 



30 



40 



45 



50 



C COR2 (II) 

/ \ / 
Rl CH 

I 



R3 



wherein R 1 , R 2 , and R 3 are as defined above, 

in the presence of a ruthenium-optically active phosphine complex as a catalyst 

2. A process as claimed in Claim 1. wherein said ruthenium-optically active phosphine complex is a com- 
pound represented by formula (III): 

35 Ru^HyCWRB-BIISIAPWSJp (III) 

wherein R 8 -BINAP represents a tertiary phosphine represented by formula (IV): 




(IV) 



wherein R a represents a hydrogen atom, a methyl group or a t-butyl group; S represents a tertiary amine; when 
y represents 0, then x represents 2, z represents 4, and p represents 1; and when y represents 1, then x rep- 
resents 1 , z represents 1 , and p represents 0, 
55 or a compound represented by formula (V): 

[RuHKR^BINAPXJYw (V) 
wherein R 8 -BINAP is as defined above; Y represents CI0 4i BF 4 or PF 8 ; when £ represents 0, then v represents 
1 , and w represents 2; and when £ represents 1 , then v represents 2 and w represents 1 . 
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5 



10 



3. A process as claimed in Claim 1 or 2, wherein the derivative formulae (II) is dissolved in an amphiprotic 
solvent and the phosphine complex is added in an amount of 1/100 to 1/50,000 mol per mol of the derivative 
(I). 

Patantanspruche 

1 . Verfahren zur Herstellung eines optisch aktiven Alkohols der Formel (1): 

OH 
I 

CH COR 2 

/ \ / 
Rl CH 
I 

R3 

(D 

20 worin R 1 eine substituierte oder unsubstituierte Alkylgruppe mit 1 bis 7 Kohlenstoffatomen, elne Trtfluormethyl- 
gruppe oder eine Arylgruppe darstellt; R 2 OR 4 1st, worin R 4 eine Alkylgruppe mit 1 bis 8 Kohlenstoffatomen ist, 
SR 6 , worin R 5 eine Alklygruppe mit 1 bis 7 Kohlenstoffatomen oder eine Phenyigruppe ist, oder NR e R 7 ist worin 
R* und R 7 , die gleich oder verechieden sein kdnnen, je ein Wasserstoffatom, eine Alkylgruppe mit 1 bis 7 Koh- 
lenstoffatomen oder eine Benzylgruppe darstellen, und R 3 ein Wasserstoffatom, ein Halogenatom, eine AJkyl- 

25 gruppe mit 1 bis 7 Kohlenstoffatomen, eine C1-8 Alkoxycarbonylgruppe oder eine C1-8 Alkoxycarbonyl-C1-7 
Alkylgruppe bedeutet Oder R 1 und R 3 miteinander unter Bidung einer Methylenkette verbunden sind, wobei 
mit den dazwischenliegenden Kohlenstoffatomen ein 4-6 gliedriger Ring gebildet wird, 
welches Verfahren die asymmetrische Hydrierung eines p-keto-S§urederivates der Formel (II): 



15 



30 



35 



O 

C COR2 

/ x 7 <tt, 

Rl CH t 11 ) 
I 

R3 



worin R 1 , R 2 und R 3 wie oben definiert sind, in Gegenwart eines Komplexes von Ruthenium mit optisch aktivem 
40 Phosphin als Katalysator umfasst. 

2. Verfahren gemSss Anspruch 1 , worin der genannte Komplex von Ruthenium mit optisch aktivem Phos- 
phin eine Verbindung der Formel (III) ist 

Ru^HyCWRfi-BINAP^S),, (III) 
worin R 8 -BINAP ein tertiares Phosphin der Formel (IV): 
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(IV) 
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darsteilt, worin R« ein Wasserstoffatom, eine Methyigruppe oder eine t-Butylgruppe bedeutet; S ein tertiares 
Amin bedeutet; wenn y 0 ist x 2, z 4 und p 1 bedeutet und wenn y 1 ist, bedeutet x 1 , z 1 und p 0 bedeutet 
Oder eine Verbindung der Formet (V): " " " ' 

[RuH,(Ra-BINAPX,]Y w (V) 
darsteilt. worin R*-BINAP wie oben definlert ist; Y CI0 4 . BF 4 oder PF 8 ; darsteilt; wenn 1 0 1st. v 1 und w 2 bedeu- 
tet; und wenn 11 ist, v 2 und w 1 bedeutet " ~ ~" 

3. Verfahren gemiss Anspruch 1 oder 2. worin das Derfvat der Formel (II) in einem amphiprotischen 
Ldsungsmittei aufgelost wird und der Phosphinkomptex in einer Menge von 1/100 bis 50 000 mol pro mol Deri- 
vat (I) zugefugt wird. 



Revendlcatlons 

1 . Precede de preparation d'un alcool optiquement actrf represente par la formula (I): 



OH 

CH C0R2 { 1 } 

/ \ / 
Rl CH 
I 

R3 

ou W represente un groupe alkyle substitue ou non-substitue ayant 1 a 7 atomes de carbone, un groupe trl- 
fluoromethyle ou un groupe aryle; R2 represente OR 4 dans lequel R 4 represente un groupe alkyle ayant 1 a 8 
atomes de carbone, SR» dans lequel R* represente un groupe alkyle ayant 1 a 7 atomes de carbone ou un 
groupe phenyle, ou NR«R 7 dans lequel R«» et R 7 , qui peuvent etre pareils ou differents, representent chacun 
un atome d'hydrogene, un groupe alkyle ayant 1 a 7 atomes de carbone ou un groupe benzyle; et R* represente 
un atome d'hydrogene, un atome d'halogene, un groupe alkyle ayant 1 a 7 atomes de carbone, uh groupe 
alkoxy en C1-8-carbonyle ou un groupe alkoxy en C1-S-carbpnyle-alkyle en C1-7; ou Ri et R» sont connectes 
I'un a rautre pour former une chaTne methylene formant ensemble avec les atomes de carbone situes entre 
eux, un anneau de 4 a 6 membres, 

precede comprenantrhydrogenation asymetrlque d'un derive de 0-ceto-acide represente par la formula (II): 
O 

II (ID 
C .COR2 

/ \ / 
Rl CH 
I 

ou R\ R2 et R 3 sont tela que definis plus haut en presence d'un complexe de ruthenium-phosphine optivement 
active comme catalyseur. 

2. Precede selon la revendicatfon 1, ou le drt complexe de ruthenium-phosphine optiquement active est 
un compose represente par la formule (III): 

Ru^CURa-BINAPfctSJp (III) 
ou R 8 -BINAP represente une phosphine tertiaire representee par la formule (IV): 



i 
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(IV) 



oCi R 8 represents un atome d'hydrogene, un groupe methyl e ou un groupe t-butyle; S represents une amine 
tertiaire; lorsque y represents 0, x represents aJors 2, z represents 4 st p represents 1 ; et lorsqus y represente 
1 , x represents alors 1, z represente 1 et p represents 0, ou un composs reprsssnte par la foimule (V) : 

[RuH f (R8-BINAP)v]Y w (III) 
ou R*-BINAP est tel que defini ci-dessus; Y reprsssnte Q0 4 BF 4 ou PF fl ; lorsqus £ repressnts 0, y represente 
aJors 1 et w reprssents 2; st lorsqus I repressnts 1, y represente alors 2 et w reprsssnts 1. 

3. Procede selon la revendicatlon 1 ou la revsndication 2, dans lequel on dissout Is d6rtve de la formula 
(II) dans un solvant amphotere st on ajouts Is complsxs de phosphins dans une quantitd de 1/100 a 1/50000 
mols par mole du derive (I). 
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